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© Die casting method and die casting machine. 

© A die casting method and a die casting machine of the invention comprises the steps of formino a castina 
sleeve (2) comprising an inner cylinder (22) and an outer cylinder (24). which is made of a condS f9) ha 2 

LSlh e S,itS t ( fi\ , ' an h d diSP0Sin9 30 indUCti ° n C ° H «> °" the PenpMen t e o *e r ^ETSm 
matenal to be cast (1) in the casting sleeve (2) is heated, maintained a constant temperature and rabbled bv it* 
eectromagnetic induction. The materia. (1) is substantially separated from the wall ZTL T^ng TjsV) 

the 1?S r 9 T « 9enerat6d betW6en the C ° nduCtor (9) and the material «* tn« temperature drop o 
™Z? su PP ressed " Bv posing a conductor (9). the material can efficiently be heated. mXTnS at a 
constant temperature and rabbled while the casting sleeve (2) can maintain its machine accuracy * & 
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Field of the Invention 

die-isfmemblr re ' ateS t0 3 ^ "* * f ° r P roducin 9 a high-quality 

5 

Background of the Invention 

Fig. 38 and Fig. 39 each show a sectional view of the essential part of generally used die casting 
machines In the case of the horizontal die casting machine of Fig. 38, molten metal 31 taken by a ladle 37 
w from a i hold.ng furnace is poured into a casting sleeve 30 from an inlet. The poured molten metal 31 is 
.njected at a low speed by a plunger chip 33 in an early stage and charged into a cavity 36 formed by 
closing a d,e 34 and a die 35 through a high-speed injection in a later stage. In case of the vertical die 
casting machine of Fig. 39, molten metal 31 is poured into a cup 38, dies 34 and 35 are closed and the 
molten metal 31 is charged into a cavity 36 by the same way as in the case of the horizontal die casting 
is mach|ne. In Fig. 39, the components same with those of Fig. 38 are given the same reference numerals as 
used in Fig. 38, and their description is omitted. 

The casting sleeve is generally kept at a low temperature to keep its machine accuracy and to prevent 
ox.dat.on. Th,s causes partial solidification of the molten metal when pouring. If solidified pieces are 
supplied into the cavity together with the molten metal, casting defects are caused and mechanical 
20 properties of a product may be deteriorated. "w*.nanicai 
The casting sleeves, which are in a single-layered integral form made of metal, e.g., stainless steel as 
shown in F,g. 38 and Fig. 39, have such a high heat conductivity that the molten metal is quickly cooled 
difficult 0081 ^ ° f m °' ten mStal ^ inCreaS6d *° IOwer fluidity makin 9 the forced char 9i"9 by a plunger 
25 In conventional die casting, well-known methods include rheocasting and compocasting which vigor- 
ously stir a semi solid metal or composite material to break dendrite so as to continuously produce a slurry- 
state metal having lowered viscosity and feed the slurry-state metal into the die casting machine and 
thixocastng and other techniques which once solidify a slurry-state metal and reheat it into a semi solid 
state to feed into the die casting machine. 
30 In the above cases, the casting sleeve is also kept at a low temperature as described above, the molten 
metal ,s cooled and its viscosity is increased lowering fluidity. Therefore, they cannot be applied to produce 
U l0 " 9 , member because short runs and c °'d shuts are occurred in a casting process. In these prior 
pSJTp T m UC T c ^ remain 00 the SUrface ,ayer of the mo,ten metal as dl 'sclosed in Japanese 
35 221 t ? N ° P 2 ; 5170 A 3 ' f° that jt is desi 9" ed ^ Prevent the surface layer from entering into a 
35 product. In Japanese Patent Appl.cation Laid-open Prints No. 3-221253 and No. 3-13260, it is devised to 
prevent the surface of a molten metal from entering into a product because the material surface is oxidized 
when preheated prior to being melted. Although the dies and the die casting methods are specially devised 
good results may not be always obtained. 
M m 1° r T dy theabove P rob| e™, Japanese Patent Publication No. 54-43976 discloses a die casting 
40 machine whose casting sleeve is made of a heat-resistant material such as ceramics 

and U ^"r 9 , ^ 1 ''"T !? nder m3de ° f 3 heat - resistant material such as ceramics or cermet, 
and its outer cylinder ,s shr.nkage-f.tted or .nternal-chilled with a reinforcing member made of iron, cast iron 

^nS a ° r t , / eSiSta ? a " 0y SUCh 35 tUn9St9n 9roup and m °'ybdenum group to apply a 

T t 9 f0rC9dly C00 " n9 the ° uter periphery of the ^'"forcing member partly or 

entire* with water or air, thereby permanently retaining the compressive stress against the casting sleeve. 

fmJSTXi J >9 ' r h *, Pri ° r ^ iS deSCrib9d de,ai '- A cavity 44 is formed ^ c,osi "9 * die 
a V 3 d '! (Stati ° nary di6) 42 fiX9d t0 a main bod V < die plate > « * the die Lting 
« Thi^!; f n9 /i 8eVe 45 18 fiX6d t0 the di9 (Stati ° nary die > 42 in communication with the cavity 44 
so Th* casting sleeve 45 ,s made of ceramics or cermet so as to excel in heat resistance, corrosion resistance 

and abrasion resistance, hardly become wet with molten metal, and have a low thermal conductivity tZ 

casting sleeve 45 has an inlet 46 formed and a plunger 47 is s.idably disposed within the casting sleeve 45 
The molten metal poured through the inlet 46 is once stored in the casting sleeve 45. then the plunger 

47 advances swiftly to charge the molten metal into the cavity 44 under pressure, and the charged Sen 
55 meta ,s pressurized by the plunger 47 and solidified. After the molten metal solidification, the die 4 7and 

the plunger 47 move back to provide a die-cast product. ° 

mrnfTh '"J* 16 ab ° Ve die „ castin 9 machine ' h0W9ver ' there disadvantages that the molten metal is still 
cooled by the mner cyl.nder of the casting sleeve to produce solidified pieces which may cause casting 
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defects degrading the mechanical properties of a product if these solidified pieces are suoolied into th« 
^ together with the molten metal. When the above die casting machine f^toTS^S 
me hod. compocastrng method and thixocasting method, the molten metal is cooled by theZn^Sg 
. ^htScT ^ C0 ' d ^ ^ ° CCUrred 3 thi " a " d »" ™^ th V e a P Z~ 

fr P n,in P r eSe P ?T Pu ™ Ca " 0n ^ * die castin 9 machine w hich applies a high- 

frequency current to collating coils so as to cause electromagnetic induction, thereby retain^ the molten 

the lit ' n ° n t T ' St3te ^ r6SP9Ct t0 the injeCti ° n S,eeve wa " and the P""nger chip end face Silce 
ro mLT^ h T !7? C ° ntaCted ^ ^ inj6Cti ° n S,9eve wa " and the P |L "W *IP end face/'he mZ 
cTihuts " reSU ' tin9 PreVenti ° n ° f ^ ° CCUrrenCe ° f a " initiaI layer and deS" 

In Fig^ 41 showing tho above die casting machine, the molten metal is poured into a runner 52 with a 
plunger ch.p 50 portioned at tho lower part in an injection sleeve 51, a high-frequency Current of ^1000H 2 is 
supplied from a power unit to oscillating coils 54 and 55 which are respectively disposed a ^ wall 53 of th! 

15 waTsVJr fheir th : p,u z r t * a repuision **» is ~ ^j^^s^ 1 ;: 

wal 53 or the plunger ch.p 50 by the action of electromagnetic induction because of the conductiv itv of Z 
TJT' "? ^ m ° lten meta ' " h8,d " 3 f ' 0ated State Within the *«• "Le to t^repuS force 
stJltZc? * anon- n cS 

,o secure holding of the molten meta, £ a non^™ 

25 zxxzsx. z^^s^r- in ran9e - ™ s may — - 

Summary of the Invention 

30 An object of this invention is to provide a die casting method and a die r^tinn m »*i • u u 
temperature drop of a materia, before casting is smai, dL ^S^h^c^^J 
conductors and an induction coil and a high quality product is obtained 

a thl^and bno 6 Z^^T" 5 10 J 0 ?* " * C3Stin9 meth0d and 3 die castin 9 machine by which 

. ^jsziz £5 jess ":= ature of a castin9 — « * ** - - 

whin?! t an0ther t obje ? of the invention is to provide a die casting method and a die casting machine in 
sleeve meth ° dS ' hea " n9 *** ^P'" 9 ^ and rabb,in 9 0f the material « be made in a casting 
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charging the material in a cavity by a forced entry means. 

In addition, a die casting method of this invention comprises the steps of forming a casting sleeve 
comprising an inner cylinder and an outer cylinder, forming at least a part of the inner cylinder with a 
substance having a low thermal conductivity, disposing a plurality of conductors uncontinuously for at least 
5 a part of the outer cylinder of the casting sleeve, disposing an induction coil on the outer periphery of the 
outer cylinder, generating a magnetic field at the conductors by means of the induction coil to heat and/or 
keep warm of and stir the material in the casting sleeve by induction heating, thereby keeping the material 
in a semi solid state, and charging the material in a cavity by a forced entry means. 

A die casting machine of the invention comprises a cavity formed by closing the dies, an accommodat- 
io ing section for housing and heating a material to be cast which is communicated with the cavity, a 
conducting section disposed a plurality of conductors uncontinuously at outer circumference of the 
accommodating section, and an induction coil wound on the outer periphery of the conducting section. 

Further, a die casting machine of the invention comprises a cavity formed by closing the dies, an 
accommodating section for housing and heating a material to be cast which is communicated with the 
75 cavity, a conductor having a plurality of slits and disposed at outer circumference of the accommodating 
section, and an induction coil wound on the outer periphery of the conductor. 

Furthermore, a die casting machine of the invention comprises a cavity formed by closing the dies a 
casting sleeve disposed in communication with the product cavity and comprising an inner cylinder and an 
outer cylinder, and an induction coil wound on the outer periphery of the casting sleeve. The inner cylinder 
20 of the casting sleeve is at least partly made of a substance having a low thermal conductivity and the outer 
cylinder is at least partly made of a conductor having a plurality of slits. 

In addition, a die casting machine of the invention comprises a product cavity formed by closing the 
dies, a casting sleeve disposed in communication with the product cavity and comprising an inner cylinder 
and an outer cylinder, and an induction coil wound on the outer periphery of the casting sleeve. The inner 
25 cylinder of the casting sleeve is at least partly made of a substance having a low thermal conductivity and 
the outer cylinder is at least partly disposed a plurality of conductors uncontinuously. 

Brief Description of the Drawings 

JO Fig. 1 is a schematic sectional view of a vertical type die casting machine according to one 
embodiment of the invention. 

Fig. 2 is a sectional view taken on line A-A of Fig. 1. 

Fig. 3 is a perspective view showing one example of the structure of conductors according to the 
invention. 

s Fig. 4 is a sectional diagram of a semi solid material in a casting sleeve according to the invention. 

Fig. 5 is a graph showing the comparison results of mechanical properties of cast products produced 
by the invention and a prior art. 

Fig. 6 is a microphotograph (50x magnification) of a cast product structure produced by a conventional 
method. 

J Fig. 7 is a microphotograph (50x magnification) of a cast product structure produced by a method 
according to the invention. 

Fig. 8 is a microphotograph of a material structure processed by a method according to the invention 
Fig. 9 is a microphotograph of a material structure before heat treatment. 

Fig. 10 is a graph showing the comparison results of mechanical properties of cast products produced 

according to the invention and a prior art. 

Fig. 1 1 is a microphotograph of a cast product structure after T6 processing according to the invention 
Fig. 12 is a microphotograph of a cast product structure after T6 processing according to a conventional 

method. 

Fig. 13 is a perspective view of another example of the conductor of the invention. 

Fig. 14 is a sectional view showing dies of a vertical type die casting machine accordinq to one 
embodiment of the invention. 

Fig. 15 is a diagram showing that a material is inserted and heated in a casting sleeve accordinq to the 
invention. 

Fig. 16 is a sectional view showing a vertical type die casting machine according to one embodiment of 
the invention. 

Fig. 17 is a schematic sectional view of a horizontal type die casting machine according to one 
embodiment of the invention. 

Fig. 18 is a sectional view taken on line Y-Y of Fig. 17. 
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invention. Wpe 0,6 machl * according to one embodiment of the 

5 Ro. 22 is a sectional view taken on line A-A of Fig 21 

.ccJng?„'L a ;vZ„ W09raPh ^ " > - ''-tore produced by . memod 

JS 24 ' S * o. a cast product stouctore produced by a clonal 

" JtLZZXZSZ SeCe0na ' - * htoM *■» * ™chtoe according to one 

-l«;*S k "* Ph <6 °" "~"» - ■ « —« produced acceding ,o „ ne 
- -^SitaSr** °' 8 « *— acting to one 

-^SitSST 1 * ,50< ma9n ' fca60n, " ' - — » "cordis <o one 

emt^^ST"* <K>y °< * - — according „ one 

" -^Sitaer* ^ "-*--» - 8 - adding to one 

•^iSiEST" 1 * <50X ma9nito ' fo "» °' = - P»— accdiog ,„ one 

. invi 32 ' S 8 *" * a *» * «*■ machine according to one embodiment o, tbe 

mto^XZXZZ" *" °' ' he * <™ * — • according to toe 

emt^Sn^l a Sr r9ad *" *" " *» d '° — • ™c„,ne accom,„g to toe 

M ^"2^ ^ * " «~ -nan using toe ca*g 

«n^Z£2£2LSZ£S *" "*" °' " *~ — a , 

- tmgJZZZT**"' Vl9 " ^ «*" °< ™ '^agnatic to™ wbeo using a conductor 

Detailed Description of the Invention 

- o, conductors 

a magnetic field at the conductors by means ofthTLZZn T t ? de ° f the material ' generating 
the materia, to be cast by inducJnl^ 

charging the material in a cavity by a forced entry means 3 S °' id State ' and 

magnetic field at the conductor by means o Tein2cZ cnuTZ 7 *" C0nductor> 9eneratin 9 a 

materia, accommodated inside of the conduct by X 0 ^ * ? warm of a "<* ^bb.e the 
semi solid state, and charging the material in a cavity £t$£e^J2T* " 9 ^ materia ' h 3 
ss s(ee , above method, heating and,r Keeping can be made jn . _ 

«— having a ,o W thermal conduct tt^Z^^Z^ 
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having a plurality of slits, disposing an induction coil on the outer periphery of the outer cylinder n A n« ra t,n„ 
a magnet.c field at the conductor by means of the induction coil to Lt n^^^^-JS^ 

c'haZl'n ^ r Sti : 9 Sl88Ve by indUCti ° n h6atin9 ' *™*» kee ^ the materia, in a se r s l a irand 
charging the material in a cavity by a forced entry means. 

s In addition, a die casting method of this invention comprises the steps of tormina a castina 

compnsmg an inner cylinder and an outer cy.inder, forming at least a part o Z Z cyS w*ha 

Com 6 ' Char9i " 9 the material in a ^ bv a forced entry means. 9 
SIALON can be usod as the substance having a low thermal conductivity 

tn ii S n al T Cd the j conductors aro P artl V connected to maintain stable construction of the machine or 
to improve temperature distribution for the material. macnme or 

16 fn ?! ab0V6 d T CaSti " 9 meth ° dS ' 3 P ' Urality ° f conduc t^s can be disposed uncontinuously in the 

coSucrL meanS T b " CharQin9 3 materia ' int ° Cavity or the forced «*V means canTmLe 0 Ta 
conductor having a plurality of slits so that a magnetic field is Generated at th» w«h~L L 
means of the outer induction coil. A non-magnetic insulated ca be aSfd to an InTnf H T by 
means which corresponds to the material to be cast ° f forCed 9ntry 

20 According to the methods of the invention, it is possible to keep the material to be cast oartlv or Pntir 0 K 

zi f r h c r act f r s of the castin9 s,eeve and the forced an .sss^ts 

generated between the material and the casting sleeve or the forced entry means KelZ oZTJZ a 

The ,L T ^ ^ C3USed by itS C ° ntaCt With the Casti "9 s '*-e ™ surfacf " " " 9 3 
m J33i 1 f 6 preferably made of a non-magnetic material. Thus, the non-contact state of the 
3S5y ' nner ^ CaStin9 S,e6Ve ^ " e,eCfr0ma9netic fo - ^ ^ he.d m^ seSLy and 

An a.c. passed through the induction coil preferably has its frequency set at 300Hz to mnnw, wn a „ 

section, and an induction coil w^und on the ouT pe^ry of ^SST^ 6 aCCOmm0dati " 9 
sleeve ab ° Ve maChineS, heati " 9 ^ Warm and rabb,in9 of 108 Serial can be made in a casting 
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In the above die casting machines, a plurality of conductors can be disposed uncontinuouslv in the 
forced entry means or the forced entry means can be made of a conductor having a phJ^TSSSZ 
a magnetic field ,s generated at the forced entry means by means of the outer induction coil f non 
toTcast.'" 8 te attaCh8d t0 a " ^ ° f f ° rCed 6ntry meanS WhiCh corres P°"ds to the material 

,„hJl e ,!K ndUCt0rS 1 ar l deSired t0 te made of a "on-magnetic material. SIALON can be used as the 
substance having a low thermal conductivity. 

It is preferable to dispose cooling medium passages in the outer cylinder to cool the conductor 
In the above die casting machines of the invention, a non-conductive substance is charged between 
neighboring conductors to prevent the molten metal from leaking 

m J^nthV° F ?" *\ t0 ^nf* ^ aCti ° n bY an electro ™9netic force to prevent the contact of the 
material to the casting sleeve will be described. 



a "ill uo UOSUIUBU. 

cond^TJ" 35, , Wh0n 3 1 t0 be CaSt iS PUt 3 CaSti "9 sleeve 2 which * continuously 

conductive and a current ,s supplied to an induction coil 7, both of induced currents generated in the 

Z Zr , material 1 r ° tate th6 Same direCti0n " This causes maon ° tic *W* generated n 

between thl ,rr i o *Z 1 t0 ^ S3me dir6Cti ° n and n0 re P ulsion f °™ * P^duced 

between the casting sleeve 2 and the material 1. «uui.eu 

which VwrHh hand '| aS Sh ?r Fi9 ' 36> ^ the material 1 t0 te cast is P ut in the casting sleeve 2 
which ,s formed by enclosing the periphery of a plurality of conductors 9 by an insulator 8 so as to separate 
» each ^conducto* 9 and an a.c. is supplied to the induction coil 7, induced currents general in the maS 

I " IT 0 " ! r0tate " faCi " 9 6aCh ° ther reSU,tir * in 9 eneration of «pi*« force blrenTs 
matenal 1 and the conductors 9. By this repulsion force, the material 1 does not come into contact wftX he 

rzir, m r stin ? s, r e 2 - since ma9netic fie,ds 9enerated at a * co£sr 8 21£ 

2S S!lT * make the induced current flow in the materia « 1 - the material 1 can be heated by t e 
l h T" l* 8 C3Stin9 S ' eeVe 2 iS C00 ' ed 80 as t0 maintain its machi ™ ^curacy 

disooS wLn * T r°of Whe " mat8ria ' 1 t0 56 C3St iS put in an insu,ati "9 casti "9 2eve 2 
disposed within the conductor 9 having slits 21 formed and an a.c. is supplied to the induction coil induced 
currents generated in the materia. 1 and the conductor 9 rotate as facing each other r8^£^SS 

oo forcT TlZT- , b fT T mat6rial 1 3nd th8 C ° ndUCt0rS 9 " By «* forceTiZSS 
30 force) the material 1 ,s kept away from the inner surface of the casting sleeve 2. Since magnetic fields 

is""',: :r:ir e,ectroma9net,c induction «■» * *• — ■ — * * «« so 

According to this invention, the conductors disposed around the material are heated by electromaanetic 

IT" T ke H at l6aSt ^ SUrfaCe ° f ^ material flowab,e - Since an «** current genenatod by tie 
electromagnetic mduction works to pass about the surface of conductors, it is possible to mettThe mateS 
surface only and it is also possible to make the material entirely into a flowable state * Te presen 
methods can directly transmit a magnetic field of the coil to the material within the sieve 5TS 
conductors the material can be heated effectively. The electromagnetic force generated bX curre n t s 
» flowing in the materia, and the conductors make it possible to keep the materia, away from the nne watl of 

RuStT, 6 T'T' may be Partiy COmeCted if the above effects are <** deteriorated 

Flu d-ty of cast material ,s made better as its temperature increases in the semi solid state In 

mTZ 0 " Tfi h ° WeV6r - Wh6n 3 ' iqUid ph3Se ° f 3 Drescribed a ™ u " - e i p el t the 
matenal as a result of heatmg, maldistribution of a flowable state occurs causing the material to adhere to 
5 the wall of the casting sleeve resulting in a temperature drop of the material and the lowerino nf it fh 

tZlZ S?T H° f ^ S0 ' id PhaSe " ThUS ' poor rUn ° f 3 CaSti "9 ^n g ^7e SlfK 
°< k h ? atm9 temDerature is » imited to « range that the material is not partially mefted In L 
me hods of th,s invention, on the contrary, even if partial melting occurs in a material, its adhesion to the 
wall surface is prevented by the effect of the electromagnetic force, avoiding the temper^™ and he 
. lowering of the fluidity of the material. Heating of the material can be coS^TTS^^ 
condrtions as a result Therefore, a thin and long product can be cast V 

The material can be prevented from being oxidized and its temperature can be controlled to keen a 
sem, solid state by introducing inert gas such as argon gas or nitrogen gas into the ^tLSeT* 
decompressing the sleeve interior from the cavity side. Thus, superior products can be obtained Twitnout 
applying a special surface layer removing method to the matenal. Ut 
The invention is now be illustrated in greater detail with reference to the following specific examoies 
and embodiments, but the present invention is not to be construed as being limited thereto " 
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Example 1 
Fig. 



^faU^ (coping force of 50 

5 generated in the material 1 by an induction coi'l ? "f^ t0 0 be cast 1 ' an induce d current is 

circumferential direction of a c^^i^jj^^ ^ disposed '^rmittently in the 
1, the conductors 9 have their perils encl^H h 9 ", Wh ' Ch ' S 3 V ' 9W take " on ,ine A ' A «* *9- 

water pipes 10 passing through^' in Sor ^cSlJIirfl- 8 ^ wMh Wtor ,n C00,in 9 

water cooling. Fig. 3 Fs a respective T i' CO °" n9 may USed instead of *• 

fo sectional view of the structures ofte rcTu^Q^H^/ 9 and Fi 9" 4 «• • 

Pipe whose interior is cooled with weLTt^^Tr^^^ "** Stain,ess ste *' 

water-cooled copper coil. A current 7 ^i^T* ? W ° Und * 6 ^ * 3 

sleeve has an inner diameter of 50mm and an oLTdiLZtTT^ T J f^™* ° f 20kHz - The 
was vigorously rabbled when solidified is inserted t f^^™^ 
s thick. A gate velocity is 10m/sec, and an appLd prelre L 90MPa ' 1 °° mm ^ and 3mm 

controlled to 590 -C + /-5 - C by induction VllnTT ? , te b ° tt ° m - A ^P^ure is 

Prior to pressure die c^ T^^^J^^^! T rabb ' in9 to COnducted 

- as in prior art. The mechanical properties oHhe ^T^L T ° f about 250 'C 

re-heating method (conventional sam P , e are ^^A^T^J"^ "* * 
method of this invention is superior i .tensile S£ST!« 9 ' 5> ** pr0duct «*°"»ng to the 

and Fig. 7 (present sampie, are ml ^ITnZn^" ^ * Sampte > 
products. Since good fluidity of the mJJStoXS ^T^lTs^^^T ^ ° f the 
defect is obtained. On the other hand as the convention* ™?h!wT „ * product without castin 9 
fed sufficiently, causing defects (black If^TflT *" ^ ^ *» material ca " •* *» 



Example 2 



' neate^T^^ (Camping force of 100 tons) and 

of the material in the sleeve is deforme Mb ta ^ semi soKd hndl 1 k * 6qUenCy ° f 10kHz - The shape 
material. At this point, heating is sZ^^^Z^o^ZtZ CaUSin9 «*** h the 

are shown in Fig. 8 (a microphotograpf of'the st^re! ITTagmL^ 6 " ^ ^ 

magS-rnrr mSria. wTut^^ ^fore heated (50x 

the method of this invention, dendrite is 6^enZ/!Z 9 r^ " "» materia ' heated b * 



Example 3 



proof stress, and (C) an elongation 9 ' 9 ' °" (A) Shows a tensile length, (B) a 

this —n^ *• ™ Passing of the product according to 

according to the conLli^^ -ter *». 76 pr0Cessin 9 °< *e product 

structure. P acc °rding to the present .nvention has uniform granular 

Example 4 
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Example 5 



Example 6 



24. ™. induchon heatr* device eiecJes the !„dS?c ^C£^^£CS 

temperature at the center of the inner cylinder drops 570 • C in 5 second* irJ^Z IT . . t ' 
smai, contact^ toe oashng sieeve smaii rlJo, ao^dmS^^iT^STsTdJS 'J! 





Tensile strength (N/mm 2 ) 


Proof stress (N/mm 2 ) 


Elongation (%) 


Present Example 
Comparative Sample 


350 
300 


280 
280 


10 

2 



As shown in Table 1, the product by the present invention has better properties in tensile stmn^h a „. 
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Example 7 



Fig. 25 is a vertical sectional view of a horizontal type die casting machine according to another 
example of th.s invention. This machine has substantially the same structure with the die casting machine 
used in Example 6. Molten A357 material is fed into the casting sleeve 20 by a ladle 15 and cast under a 
clamping force of 350 tons. As in the case of Example 6, a cast product obtained has a granular structure 
and excellent mechanical properties. 

Example 8 

* t0 F ' 9 ' 31 ar9 micr °P hoto 9''aph (50x magnifications) showing the structure of the products cast 

from A357 material by following the procedure of Example 6 except that the molten metal is fed at 585 -C 
and 620 -C, respectively and heated by the induction heating having respective frequencies of about 300 
500 and 1000Hz. Fig. 26 to Fig. 28 show the products obtained with the molten metal fed at feedino 
temperature of 585 -C and heated by induction heating at frequencies of about 300, 500 and 1000Hz 
respectively. Fig. 29 to Fig. 31 show the products obtained with the molten metal fed at 620 'C and heated 
by induction heating at frequencies of about 300, 500 and 1000Hz, respectively. 

It is seen from the figures that each cast product exhibits granular structure and excellent mechanical 

SSST; l^Tr ^ ^ he o n9 C ° nditi0nS 3 ran9e that the tem P^«* oi the molten metal are 
adjusted at 585 -C and 620 -C and the induction heating is conducted at frequencies of about 300 to 

Example 9 



25 . F '?- 3 * t0 F J g - 34 show a vertical ^ die casting machine according to another example of this 
invention A casting sleeve of this machine has similar structure to that of Example 6. As shown in Fio 33 
and Fig. 34, a plunger chip 25 for forcibly charging a material 1 accommodated in a casting sleeve 2 into a 
cavity 6 is made of a conductive material, has slits 26 formed, and is attached to a plunger 19 via an 
msulaftng layer 27. A non-magnetic insulator 28 can be attached to a face of the plunger chip 25 

30 9 ??°JT ri f t0 b9 C3St 35 Sh ° Wn in Fi9 ' 33 " The ™-™ 9 netic insuLor 28 caS be 

attached in contact with the plunger chip 25 or may be merely put on the plunger chip 25 

In the die casting machine of this example, the molten metal 1 placed in the casting sleeve 2 has a 
shape as shown in Fig. 32 and a small contact area including the bottom with the inner surface of the 
casting sleeve 2. This causes the molten metal to have a rather small temperature drop 
»5 As described above, according to a die casting method and a die casting machine of the present 
invention a plurality of conductors are disposed intermittently around the material to be cast, or the inner 
cylinder of the casting sleeve is made of the conductive substance having slits formed, so that an induced 
current is generated in the material to be cast by the induction coil via the conductors, thereby the material 
can be heatedj and/or maintained a constant temperature and rabbled. Thus, the solid material is heated into 
o a semi solid state or molten state and can be rabbled. The material in the molten state can be cooled into a 
semi sol.d state while rabbling by cooling with inert gas which is charged in the casting sleeve According 
beobteine P d rOCeSS ' dendrite *" materia ' * br ° ken and 9ranular crystal structure ca " 

Due to a current flow which is generated in the material in the molten or semi solid state and the 
> conductors by electromagnetic induction, electromagnetic force is generated to act as a repulsion force 
between the material and the surface of the casting sleeve resulting in prevention of the material from 
contacting with the casting sleeve. Therefore, a temperature drop of the molten material due to its contact 
with the surface of the casting sleeve can be suppressed. 

As the material can be securely maintained in non-contact state with the surface of the castinq sleeve 
by arranging a plurality of conductors uncontinuously or disposing a conductor having slits formed around 
the material, an a.c. passed through the induction coil can be set in a range which can conduct not only 
keeping the material in a floated state or a state with a small contact area within the sleeve but also heatina 
maintaining a constant temperature and rabbling of the material. 

Furthermore at least a part of the inner cylinder of the casting sleeve is formed with a material having a 
low thermal conductivity, so that the material to be cast does not lose much heat and a small number of 
solidified pieces are formed on the surface of the material. In particular, when SIALON is applied for a part 
of the inner cyl.nder, the material is restricted its wetting, has a granular structure with less solidified pieces 
and is cast to be a product having excellent mechanical properties. 
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and tonTproduct ab ° V6 eff8CtS ' M ^ ^ ^ "* redUCed> mak ' n9 " P ° SSib ' e t0 pr0duce a thin 
The cooling medium passages are disposed in the outer cylinder of the casting sleeve so that a 
temperature increase of the outer cylinder due to electromagnetic induction can be suppressed and the 
.nner and outer cylinders can be kept in an appropriate fitting state, thereby maintaining the machine 
accuracy of the casting sleeve. y mdW,me 

In this invention, when the material to be cast is particularly molten metal, metallic slurry with 
granulated solid phase or composite slurry with granulated solid phase, a cast product has granular 
structure and excels in mechanical properties. 

K„? aStin x 9 i u Can be conducted with a material havin 9 dendrite structure without preliminary rabbled as 
rabbling of the molten material can be made within the sleeve, workability is improved and cost efficiency is 

r^rll he ° Xi ?l 0n V" material ^ be r6dUCed by pr ° Viding an inert 9 as sphere within the 
casting steeve and this effect can be enhanced by combining the inert gas introduction with a pressure 
reducing technique of the cavity. 



1. A die casting method comprising the steps of: 

circumferentially disposing a plurality of conductors around a material to be cast which is out in an 
accommodating section of a casting machine; 

generating a magnetic field to the conductors by means of an induction coil to heat and/or maintain a 
constant temperature of and rabble the material to be cast; and 
forcing to charge the material to be cast into a product cavity. 

2. A die casting method comprising the steps of: 

disposing a conductor having a plurality of slits around a material to be cast which is put in an 
accommodating section of a casting machine; P 
generating a magnetic field to the conductor by means of an induction coil to heat and/or maintain a 
constant temperature of and rabble the material to be cast; and maimain a 

forcing to charge the material to be cast into a product cavity. 

3. A die casting method according to claim 1 or 2, wherein the material to be cast is put, heated to and/or 
maintained at a constant temperature and rabbled in a casting sleeve of a casting machine. 

4. A die casting method comprising the steps of: 

forming a casting sleeve disposed a plurality of conductors for its inner circumference- 
disposing an induction coil on the outer periphery of the casting sleeve- 
generating a magnetic field to the conductors by means of the induction coil to heat and/or maintain a 
constant temperature of and rabble the material to be cast accommodated in the casting sleeve- and 
forcing to charge the material to be cast into a product cavity. 

5. A die casting method comprising the steps of: 

forming at least a part of a casting sleeve with a conductor having a plurality of slits- 
disposing an induction coil on the outer periphery of the casting sleeve- 
generating a magnetic field to the conductor by means of the induction coil to heat and/or maintain a 
constant temperature of and rabble the material to be cast accommodated in the sleeve- and 
forcing to charge the material to be cast into a product cavity. 

A die casting method comprising the steps of: 

forming a casting sleeve comprising inner and outer cylinders, wherein at least a part of the inner 
cylinder is made of a substance having a low thermal conductivity and at least a part of the outer 
cylinder is formed with a conductor having a plurality of slits; 
disposing an induction coil on the outer periphery of the outer cylinder- 
generating a magnetic field to the conductor by means of the induction coil to heat and/or maintain a 
constant temperature of and rabble a material to be cast; and 
forcing to charge the material to be cast into a product cavity. 
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7. A die casting method comprising the steps of- 

disposing an induction coil on the outer periphery of the outer cylinder- 
forcing to chaise the malarial to be cast into a prodoct cavity. 

" & J5Z acrordin9 to CWm 6 " 7 - — * - —~ • * "-ma, 

ao -^r^rr^rs^^ 

11. A die casting method according to claim 9 or 10 wfwein a ™„ ~ . . . 

- ft. tore* e„*y means c^^^Zi'SSST * ^ " ' 

m aCCOr< "'' 9 10 "» " * ' <° * —* — I <o be cast is auppiied 

* II fsor s Se me,h0d aCC ° r *' 9 10 <™ 01 cteims ' to «■ ««— » ■» «e be cast ia scried 

40 

- * ~* rS. aOT,tfn0 * "" « * '» — ' •» -doctors are made ot a 

forced entr y means (3) tor lord™ to Sa^ta J , ", cm ; muni '= a »'"' «•"• »» product cavity, a 
section M drcomterenU ° a o,~~l f»» 3 """""^ 

and an induction coi, <7, wound „„ the oL pJU^I^S^ """"""S "*" <2 >' 
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22. A die casting machine comprising a product cavity (6) formed by closing dies (4, 5), an accommodating 
section (2) for housing a material to be cast (1) which is in communication with the product cavity a 
forced entry means (3) for forcing to charge the housed material into the product cavity, a conductor (9) 
having a plurality of slits (21) disposed around the accommodating section, and an induction coil 7 
s wound on the outer periphery of the conductor. { ' 

23 " fow 6 °u aStin9 machine comprising a product cavity (6) formed by closing dies (4, 5), a casting sleeve 
(2) for housing a material to be cast (1) which is in communication with the product cavity a forced 
entry means (3) for forcing to charge the housed material into the product cavity, a conducting section 
(9) in which a plurality of conductors are disposed along the inner circumference of the casting sleeve 
and an induction coil (7) wound on the outer periphery of the casting sleeve. 

24. A die casting machine comprising a product cavity (6) formed by closing dies (4, 5), a casting sleeve 
(2) for housing a material to be cast (1) which is in communication with the product cavity and is 
formed by a conductor (9) having a plurality of slits (21), a forced entry means (3) for forcing to charge 
the cas^ sTeevT "* ^ " indUCti ° n "* (?) W ° U " d ° n the ° Uter pU>£J* 

,„ 2S " fow 6 C f tin9 maChine comprisin 9 a P roduct cavit V (6) formed by closing dies (4. 5), a casting sleeve 
(2) for housmg a materia! to be cast (1) which is in communication with the product cavity a forced 

t^LnT 5 ( l! 0r f0rdn9 t0 ^ th8 h ° USed material int0 the P roduct cavi *' a "d wherein the 
flS VI i TT 868 1 imer Cy ' inder (22) b9inQ 3t ,eaSt partia "y made of a sut »stance having 
haln I nZL^Tn \ ^ (24) b8i " 9 3t ' 8aSt partM * made of a inductor 

^ having a plurality of slits, and an induction coil (7) is wound on the outer periphery of the outer cylinder. 

26. A die casting machine comprising a product cavity (6) formed by closing dies (4, 5). a casting sleeve 
(2) for housing a material to be cast (1) which is in communication with the product cavity and a forced 
entry means (3) for forcing to charge the housed material into the product cavity, wherein the casting 

so -' Zl^TT^ ^ '"^ Cy ' inder (22) bei " 9 at ' eaSt partia,,y made of a substen <* having * low 
thermal conductivity and an outer cylinder (24) having at least a part of its inner circumference provided 
with aplurality of conductors (9), and an induction coil (7) is wound on the outer periphery of the outer 

35 £±S5! sTon 9 3CCOrdin9 t0 daim 25 W 26> ^ the SUbStanC9 ha ^ a <°" thermal 

28 " the d L?Sder Chine aCC ° rd, ' n9 t0 **" 25 " * Where '' n 3 C °°' in9 m6dium pasSage is dis P° sed in 

40 29. A die casting machine according to any one of claims 21 to 28, wherein the forced entry means has a 
plurality of conductors disposed. 

30. A die casting machine according to any one of claims 21 to 28, wherein at least a part of the forced 
entry means is formed by a conductor having a plurality of slits. 

31 " L d J°Z S *? 9 T h ' ne aCCOrdin9 t0 C ' aim 29 or 30, wherein a ^-magnetic insulator is attached to a 
part of the forced entry means corresponding to the material to be cast. 

so 32 " c\o! 9 ng C meaL maChine aCC ° rdin9 t0 ^ ^ * * * 28 ' Wh9rein the conductors ar * cooled by a 
33 " ^ESZESSST 1 10 ^ ^ * C ' aimS 21 t0 3 °" Wh6rein 3 ~ e ^ance is 
55 M " nofmS aCC ° rd,n9 10 ^ ° f C,3imS 21 t0 3 °' Wherei " the ~ « or a 
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Fig. 3 
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Fig. 4 
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Fig. 9 
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Fig. 10 
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Fig. 12 
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Fig. 15 
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Fig. 19 
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Fig. 2 0 
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Fig. 21 
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Fig. 22 
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Fig. 23 
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Fig. 24 
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Fig. 28 
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Fig. 31 
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Fig. 32 
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Fig. 34 
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Fig. 35 




2 Casting sleeve in a material 
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Fig. 36 
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Fig. 37 
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Fig. 41 
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